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Abstract 
 
Hydrophobic green rusts (GR) were produced using aerial oxidation of solutions 
containing bis (2-ethylhexyl) sulfosuccinate (BIS) and sodium N-lauroylsarcosinate 
(SNLS), iron (II) sulfate and sodium hydroxide. The synthesis was conduced at constant 
pH 8.0±0.1 for the duration of 1-3 hrs. Partition tests showed GRBIS and GRSNLS 
suspended in the organic phase (tetrachloroethylene). Through X-ray diffraction analysis 
both GRs exhibit similar patterns to Green Rust II, an inorganic form of GR. The kinetics 
of GR reductive dechlorination of carbon tetrachloride (CT) was investigated. CT at high 
concentrations was degraded at high percentages for GRBIS-3, 88.5% and GRSNLS-5, 
97.6%. Their reactions were found to follow pseudo first-order kinetics with respect to 
CT with rate constants of 1.7 x 10-1 h-1 and 3.3 x 10-1 h-1, respectively. These rate 
constants were comparable to those measured for CT dechlorination by inorganic GRSO4 
(hydrophilic GR) and organic GRC12 (hydrophobic GR). Of the maximum amount of 
chloride that could possibly be present only 34-64% from GRSNLS-4 and 7.4-38% from 
GRSNLS-5 was accounted for.  
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1. Introduction 
 
Beneath the Earth's surface in rock formation fractures and soil pore spaces 
groundwater can be found. In general, groundwater is seen as water that follows through 
shallow aquifers (Greenburg, 2005). Since groundwater is often the least expensive, more 
convenient and less susceptible to pollution than surface water it is commonly used for 
public drinking water. However, due to human activity with chemicals and wastes they 
are at times released into the environment, seep into the soil and find their way to the 
groundwater (National Geographic, 2005). Contamination of groundwater can lead to 
adverse effects to drinking water and potentially have serious health effects for humans 
and problems for the environment. Chlorinated aliphatic hydrocarbons (CAHs) are some 
of the most widespread groundwater contaminants in the industrialized world 
(Schaerlaekens, 1999).  
Chlorinated aliphatic hydrocarbons (CAHs), such as tetrachloroethylene (PCE) and 
carbon tetrachloride (CT), are persistent toxic groundwater contaminants that are the 
result of spills and improper disposal and storage. These hydrocarbons present a 
challenging environmental problem due to the accumulation of the chlorinated solvents 
as free, dense non-aqueous phase liquids (DNAPL) in lower most parts of the aquifers 
and partially due to the complexity of ground water systems (Cundy, 2008). Currently 
DNAPLs are removed by common applied source depletion technologies such as 
chemical remediation, enhanced bioremediation and surfactant/cosolvent flushing 
(Saenton, 2002). Zero valent iron (ZVI) is a chemical “in-situ” remediation technique that 
has the advantage of relative low labor cost, low life cycle cost and high reactivity toward 
CAH. However only partial dechlorination of CAH is achieved and often results in the 
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accumulation of degradation products, which are more hazardous than the original 
contaminant (Erbs, 1999). A new technique of surface modification by surfactants may 
increase the chemical affinity of CAHs toward metal-based reductants and lead to faster 
and more complete dechlorination reaction (Ayala-Luis, 2012).  
Green rusts (GR) are highly reactive FeII-FeIII layered double hydroxides, which 
readily react with reducible environmental contaminants (Trolard, 2008). They are redox 
sensitive and consist of planar, positive layer of composition FeII (1-x)FeIIIx (OH)2x+, where 
x is the molar fraction of FeIII (x = 0.25-0.33) and iron hydroxide layers alternate with 
interlayer spaces composed of charge balancing anions, AY-, such as Cl-, SO4-2, OH-: [AY-
x/y*mH2O]X- (Genin, 1998; Brindley, 1979). GR crystallites are planar and hexagonal 
shaped with diameters ranging from a couple of nanometers up to 13 µm (Bertheline, 
2006; Peulon, 2003; Skoyvierg, 2006). It has been found that the metal hydroxide layers 
of GR are highly polar and therefore leads to reductive declorination of CAHs, such as 
tetrachloroethylene, by sulfate-GR (GRSO4). However the reduction did not occur at the 
internal reactive sites, but at the external edges sites of GR (Ayala-Luis, 2010). The 
intercalation of organic surfactants into GR may improve the accessibility of these non-
polar molecules towards the internal reactive FeII sites in GR and therefore increase the 
rate of redox reactions of GR. Previous studies have shown that surfactant intercalated 
layered doubled hydroxides (organo-LDH) and GR (organo-GR) exhibited increased 
hydrophobicity, facilitating the adsorption of chlorinated substances like 
tetrachloroethylene (Ayala-Luis, 2010). Since the properties of organo-GR show promise 
as efficient adsorbents and reductants of chlorinated solvents, their synthesis must be an 
efficient and environmentally friendly method with minimal lost of GR and less time 
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consuming than previous methods. As GRs are relatively easy and cheap to synthesize in 
the laboratory, they have been recognized as a promising material for the remediation of 
contaminated soils and water (Bearcock, 2011). In the specific case of chlorinated 
methanes, laboratory studies have demonstrated that reductive dechlorination of toxic 
carbon tetrachloride (CT) by various types of hydrophilic GRs such as GRSO4 and GRCl at 
slightly basic conditions (7-8) is feasible (O’Loughlin, 2003; Erbs, 1999; Liang, 2010). 
The structural characteristics of most forms of GR (Cl-, CO32-, etc) inhibit diffusion of the 
highly nonpolar CT into the interlayer spaces of GR and the reduction of CT therefore 
only involves the reactive sites situated at the outer surfaces of GR particles and of those 
located within the hydroxide layers (Erbs, 1999). New or increased hydrophobic 
properties to GR help to facilitate the adsorption of nonpolar substances such as CT, 
trichloroethylene and tetrachloroethylene into their hydrophobic interlayers. Such contact 
between the CT and the internal reactive sites of GR could strongly increase the rate of 
reduction of CAHs, as observed in the reduction of nitrate by GRSO4 where access to the 
internal sites increased reduction rates 40 times compared to a similar reaction where 
only the external particle surfaces were involved (Koch, 1997).  Close contact between 
CT and the reactive sites in GR may also enhance electron transfer, possibly leading to 
the accelerated rates and complete dechlorination (Ayala-Luis, 2012). 
 In the past, GRs have been modified with linear carboxylates by replacement of 
sulfate anions. While the process and principle of the intercalation is simplistic, the 
execution leads to the loss of GR material during the different experimental steps 
involved and is highly time consuming. Due to the lack of a fast method, a fast one-pot 
method was developed. This method is used to prepare green rusts in this experiment.  
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The objective of this investigation was to investigate the possibility of intercalating 
GR with organic compounds, bis (2-ethylhexyl) sulfosuccinate (BIS) and sodium N-
lauroylsarcosinate (SNLS), to produce hydrophobic green rust, and examine GRBIS and 
GRSNLS ability to degrade carbon tetrachloride under laboratory conditions and observe 
their kinetics. 
 
bis (2-ethylhexyl) sulfosuccinate 
 
 
sodium N-lauroylsarcosinate 
 
2. Experimental  
 
2.1 Materials 
 
Bis (2-ethylhexyl) sulfosuccinate sodium salt >95.0% from TCI, sodium N-
lauroylsarcosinate >98.0% from TCI , iron (II) sulfate heptahydrate, 99+% from Acros 
Organics, reagent alcohol assay (ethanol + methanol: 94-96%, isopropyl alcohol: 4-6% ) 
from BDH, MilliQ water, 5.0 Ultra High Purity argon gas, Harvard Syringe pump series, 
Orion pH meter, Beckman Coulter Allegra 25R Centrifuge, New Brunswick Scientific 
shaker table, Coy Laboratory anoxic chamber, PANalytical X’Pert Pro Powder 
Diffraction instrument, Spectrophotometer, Fisons Instruments GC 8000 series.  
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 2.2. Methods 
 
  2.2.1 Synthesis 
 
 A solution of pure surfactant, BIS or SNLS, with a concentration of 25 mM was 
prepared by dissolving a weighted amount of surfactant in 85 mL of reagent alcohol. The 
solution was diluted with 100 mL of MilliQ water. The resulting solution was titrated 
with 1 M NaOH until pH over 8 and diluted to a final volume of 200 mL of MilliQ water. 
An aliquot of 190 mL of the solution was transferred into a brown bottle, deoxygenated 
by purging the solution with argon gas for 1.5 h and stored immediately afterwards in the 
anoxic chamber. Solution of 1 M NaOH and 0.5 M FeSO4 were prepared, bottled, and 
deoxygenated with pure argon for 30 min. 
 In the anoxic chamber, the aliquot of the 190 mL solution was transferred into a 
250 mL Erlenmeyer-flask with a rubber septum that was fitted with needles for an argon 
inlet/outlet, NaOH inlet and FeSO4/air pump inlet along with a 4 cm magnetic stir bar. 
Two 10 mL syringes were filled with 10 mL of 1 M deoxygenated NaOH and one 25 mL 
syringe was filled with 12-13.5 mL 0.5 M FeSO4.   
 In the hood, the flask was placed on a stir plate and surfactant solution was stirred 
and purged with pure argon gas for 1 hour. A syringe was used to add 0.5 M FeSO4 
solution through a metal needle to the reaction solution while being titrated with 1 M 
deoxygenated NaOH maintaining the pH of the reaction solution at 8.0±0.1. When the pH 
was stable, CO2-free air was pumped into the solution using a peristaltic pump at a rate of 
4 mL/min. The reaction solution was kept under a blanket of argon gas (flushing rate 200 
mL/min) to avoid oxidation at the gas-liquid interface and wrapped in aluminum foil. The 
flask was titrated with 1.0 M NaOH to maintain a pH of 8.0±0.1. The air was lead 
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through two gas washing bottles containing 0.8 M NaOH and run for an hour to remove 
all CO2 before using the air for the synthesis. The addition of air was stopped when no 
more base was required due to the increase of pH. At the end of the reaction, the flask 
was transferred to the anoxic chamber and the contents were split into four 50 mL 
centrifuge tubes.  
 
 2.2.2. Analytical Techniques 
 
  2.2.2.1 Analysis of Hydrophobicity 
 
 To test the hydrophobicity of the GR, a partition test was conducted. After the GR 
had settled in the four 50 mL centrifuge tubes, the solution was removed from each 
centrifuge tube and the remaining content was centrifuged at 1200 g for 1 min. The 
remaining supernatant was discarded, deoxygenate water was added to the 50 mL mark 
of the centrifuge tube to resuspend the GR. In the anoxic chamber, 5 mL of 
tetrachloroethylene (PCE), 3 mL of deoxygenated MilliQ water and 2 mL of resuspended 
GR were combined in a 10 mL serum bottle, capped with an aluminum cap and shaken. 
Once the solution settled the location of the GR, be it in the water or organic phase, was 
determined.  
  2.2.2.2 Analysis of Solid Product 
 
 Powder X-ray diffraction is an X-ray diffraction (XRD) technique used for 
characterizing materials. Samples in powder, liquid suspension of polycrystalline solids 
containing fine single crystalline grain are analyzed. The atoms in a crystal are periodic 
array of coherent scattering centers and therefore can diffract light. Interaction of X-rays 
with the sample created secondary diffracted beams of X-rays related to inter-planar d-
spacing in crystalline powder according to Bragg’s Law: nλ = 2d sinθ, where n is an 
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integer, λ is the wavelength of the X-rays, d is the inter-planar spacing generating the 
diffraction and θ is the diffraction angle. GR samples were prepared for XRD analysis by 
vacuum filtration using a 0.45 um Millipore mixed cellulose ester gridded filter and put 
into a XRD holder. Samples were immediately scanned using a PANalytical X-Pert Pro 
Powder diffractometer applying monochromatic Co-K alpha radiation (40 kV, 40 mA) 
and a scanning rate of 2o/min in the range of 1.5-70 2θ with a 1o slit width.  
 
  2.2.2.3 Iron Analysis  
 
 In the glovebox, a predetermined volume of resuspended GR was added to a 250 
mL volumetric flask and filled to the mark with deoxygenated Milli-Q water. From this 
mixture 1.5 mL was withdrawn using a 5-mL syringe. One milliliter of this suspension 
was treated with 20 mL of 0.1 M HCl for 30 minutes in order to dissolve GR and then 
diluted with 30 mL of reagent alcohol to dissolve the surfactant precipitates that may 
have formed during the acid dissolution of the GR. This was then filtered through a  
0.22 µm Millipore filter to remove insoluble iron oxide products and this filtrate was used 
to determine FeIItotal. The remaining 0.5 mL of sample was filtered using a 0.22 µm 
Millipore filter and used to determine FeIIsolution. The procedure was repeated for FeIItotal-H 
and FeIIsolution-H, where hydroxylamine hydrochloride would be added to determine the 
amount of FeIII in the GR. To determine the amount of FeII and FeIII in GR the following 
formulas were used:  
 
FeII GR = FeIItotal – FeIIsolution                             (Equation 1) 
 
FeIII GR = (FeIItotal-H - FeIIsolution-H) - (FeIItotal - FeIIsolution)             (Equation 2) 
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Where FeIItotal is the total amount of FeII in GR and the solution in the volumetric flask 
and FeIIsolution is the amount of FeII present in the solution. FeIItotal-H is the total amount of 
FeII/FeIII in the GR and the volumetric flask. FeIIsolution-H is the amount of FeII/FeIII in the 
solution. 
 
FeIIsolution and FeIIsolution-H were diluted to 50 mL after filtration. To determine FeIItotal-H and 
FeIIsolution-H the solutions were transferred to separate 125 mL Erlenmeyer flasks where  
2 mL conc. HCl and 1 ml hydroxylamine (prepared by diluted 10 g of hydroxylamine 
hydrochloride in a 100 mL volumetric flask) were added. The solutions were boiled down 
to 15-20 mL, cooled to room temperature and transferred to a 100 mL volumetric flask, 
where 10 mL of ammonium acetate buffer and 4 mL of phenanthroline (prepared by 
diluting 0.1 g 1,10 phenanthroline in 100 mL volumetric flask) were added. After diluting 
with water to the mark, mixing and allowing to sit for 10 min for maximum color before 
measuring absorbance using the spectrophotometer (700-400 nm, fast scan, slit width: 2 
nm). 
  To determine FeIItotal and FeIIsolution, 1 mL conc. HCl was added to 50 mL of each 
sample and separate into two 100 mL volumetric flasks. 20 mL phenanthroline solution, 
10 mL ammonium acetate buffer were added and diluted to the mark. Immediately after 
mixing solution absorbance was determined using the spectrophotometer (700-400 nm, 
fast scan, slit width: 2 nm). 
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  2.2.2.4 Analysis of Chlorinated Compound 
 
 Kinetics experiments were prepared in 74 mL serum bottles, where quantification 
of carbon tetrachloride (CT) was carried out at certain time intervals. In the anoxic 
chamber, using the mixture from the 250 mL volumetric flask, the solution was 
distributed between 74 mL serum bottles without headspace and spiked with aliquots of 
1.47 M CT solution prepared in deoxygenated methanol. The bottles were sealed with 
Teflon-lined rubber septa and aluminum crimp caps. Removed from the glovebox and 
wrapped in aluminum foil to shield from light and kept under constant mixing at 25 rpm 
on shaking table at room temperature for 24 hours. To quantify carbon tetrachloride, at 
certain time intervals, 100 µL of reaction suspension was extracted, replaced with 100 µL 
of water, from each serum bottle and added into 5 mL closed glass tubes containing 1 mL 
of 1 M HCl then adding 3 mL of hexane and mixed on a vortex for 2 min. CT in the 
organic phase, was determined by gas chromatography (GC) with an electron capture 
detectors (ECD) equipped with a high resolution gas chromatography column (Agilent 
J&W GC Columns, 30 m length, 0.250 mm internal diameter, film thickness: 0.25 µM) 
The oven temperature program was: 30 oC for 6 minutes, 30-240 oC at 20 oC/min, 240 oC 
for 0 min. The injector and detector temperatures were 250 oC and 200 oC, respectively. 
The carrier gas was helium and methane/argon was make-up gas. Two microliters of the 
organic phase was injected into the injection port at a 1:1 split ratio (250 oC, 5 µL/s). 
External calibration standards were prepared in hexane and measured before each 
analysis. For determination of chloride in two experiments, after the kinetics experiments, 
samples were filtered and analyzed by ion chromatography. 
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3. Results and Discussion 
 3.1.1 Formation of Green Rust 
As the 0.5 M FeSO4 was added to the basic solution of BIS surfactants the solution 
started to change from clear to a tinted blue (Figure 1).  
 
 
 
Figure 1: The solution of BIS surfactant from the addition of 0.5 M FeSO4 to the end of 
the synthesis of GRBIS. Reaction time: 0 to 2.5 h 
 
For SNLS surfactants the solution went from clear to a cloudy blue (Figure 2). During the 
synthesis of GRBIS, the rate addition of the CO2 free air was set at 4 mL/min and a 
variation of the amount of 1.0 M NaOH was added for each of the GR experiments.  
 
 
Figure 2: The solution of SNLS surfactant from the addition of 0.5 M FeSO4 to the end 
of the synthesis of GRSNLS.  Reaction time: 0 to 2.5 h 
 
As the reaction for the formation of GR is underway the general pathway is: 
 
Fe2+  Fe3+  Fe2O3 
Fe2O3 + Fe2+ + OH- + Anion-  GR 
 
where ferrous (Fe2+) oxidizes to ferric (Fe3+) and then forms into ferric oxide (Fe2O3) 
then the combined reaction of ferric oxide (Fe2O3), ferrous (Fe2+), hydroxide ions (OH-) 
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and anions which in this case could be the organic compound (BIG or SNLS), SO4-2 or 
OH-, to form the green rust. The pH decreases when ferric oxide (Fe2O3) is produced, 
however for GR to form the pH needs to be maintained at 8. Since CO2 decreases pH, 
CO2-free air was used in the oxidation to eliminate the CO2 effects on the pH. In the set 
up for the experiment, the apparatus used to create CO2-free air used two gas wash bottles 
in series filled with 0.8 M NaOH. This set up removes the CO2 from the air that is passed 
through the wash bottles.  
 
2 NaOH (aq) + CO2 (g) --> Na2CO3 (aq) + H2O (l) 
 
The change in color towards a darker blue during the addition of 0.5 M FeSO4 suggests 
that FeII is oxidized shortly after its introduction into the surfactant solution. It is possible 
oxygen managed to leak into the synthesis flask through an inlet or where the pH meter 
was introduced into the rubber septum. The amount of oxygen present before the CO2-
free air is added affected how much 1.0 M NaOH would need to be added during the 
synthesis process. However, it is not possible to determine how much oxygen was 
introduced during the addition of 0.5 M FeSO4 due to leaks or incomplete deoxygenated 
solutions.  At the end of the synthesis of both GRBIS and GRSNLS the solutions turned a 
dark bluish green (Figure 1 and 2). In some cases, the top of the solution turned brown 
(Figure 1 and 2). During the oxidation of the surfactant/iron (II) sulfate solution, argon 
gas was used to inhibit oxidation between the gas-liquid interface, the brown film in the 
flask at the end of the synthesis confirmed the argon could not overcome the oxygen that 
had been pumped through the system over the 1-2.5 h duration of the synthesis.  
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 3. 1. 2. Hydrophobicity Test  
After GR was mixed with water and tetrachloroethylene (PCE) the precipitate 
stayed in the organic phase (Figure 3). Since the GR was able to partition into the highly 
nonpolar PCE, its hydrophobic feature could possibly allow similar nonpolar substances, 
such as CT to partition into the interlayer of the GR and be in close contact to the reactive 
sites of GR and help to increase the rate of reduction of CT. 
 
 
Figure 3: Partitioning of GR in a two-phase water (top layer) – tetrachloroethylene 
(bottom layer) system. GRBIS (left), GRSNLS (right) 
 
 
  3.1.3. X-Ray Diffraction 
 
The oxidation of FeII induced precipitation of iron oxides. XRD was used to 
characterize the precipitates that were formed at the end of this reaction. The diffraction 
patterns for both GRs were found to exhibit similar patterns to known green rust, Green 
Rust II (Bernal, 1958), which is an inorganic form of GR. The d spacing for GRBIS-1, 
GRBIS-2 and GRBIS-3 exhibited similar basal spacing and (00l) reflections to Green Rust II 
(Table 1). No evidence from XRD could determine that the organic compound, BIS, was 
intercalated between the hydroxide layers of the green rust in the precipitate formed at the 
end of the synthesis reaction.  
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Figure 3a: Holder used for X-ray diffraction 
 
Table 1: The d-spacing of Green Rust II sharp peaks at the 001, 002, 003 reflections in 
relation to the d-spacing of GRBIS and GRSNLS at the same position. 
Green Rust(s) d-spacing (001) d-spacing (002) d-spacing (003) 
Green Rust II 10.9* 5.48* 3.65* 
BIS-1 10.991 5.503 3.66 
BIS-2 11.035 5.502 3.662 
BIS-3 11.010 5.517 3.681 
SNLS-1 10.900 5.480 3.650 
SNLS-2 11.065 5.529 3.669 
SNLS-3 11.033 5.519 3.668 
SNLS-4 11.103 5.501 3.637 
SNLS-5 10.683 5.498 3.638 
*Information is taken from Green Rust II PDF-4 file 
 
The sharp peaks with d-spacing for GRSNLS-1, GRSNLS-2, GRSNLS-3, GRSNLS-4 and GRSNLS-5 
also exhibited similar basal spacing and (00l) reflections to Green Rust II (Table 1). 
Although, GRSNLS-1, GRSNLS-3, GRSNLS-4 and GRSNLS-5 had two sharp peaks between 10-16 
2θ they did not correspond to Green Rust II pattern. They were matched up against other 
possible candidates, such as Lepidocrocite and Magnetite as they are possible products 
for Green Rust II when oxidation by air occurs. However, neither of their patterns 
corresponds to those two peaks. The peaks remain unassigned.  
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 3.1. 3. Kinetics of reduction of chlorinated solvent 
For chlorinated methanes, such as carbon tetrachloride, the kinetics of their 
reductive dechlorination by reactive particles is a surface-mediated process. Rates at low 
concentrations of the organic compound are first order in the concentration of the 
chlorinated methane and in surface area concentration of the reactive surface (eqn. 1) 
(Ayala-Luis, 2012). The reaction is generally modeled as a pseudo first order reaction 
when the reactive surface is in excess. 
 
                     d[X]/dt =-kSAS[X] = -kSAρmas = -kobs[X]         Equation 3 
 
 Where kSA is the surface area normalized rate constant (L/m-2s-1), S is the surface area 
concentration of the reactive particle (m2/L) and it is equal to the product of the 
mineral/metal mass loading (ρm, g/L) and the specific area of mineral/metal (as, m2/g) 
and X is the halogenated compound.  
 
Concentrations of total FeII in all experiments ranged between 14-18.1 mM, while the 
amount of GR ranged between 0.006-0.9 g for experiments where FeII was not 
determined with the phenanthroline method. All initial concentrations of CT for each 
kinetic experiment were below the 5.2 mM solubility of CT in water. Losses of CT due to 
volatilization and sorption to the glass serum bottles were consider negligible for all 
experiments. The kinetics of GRBIS was conducted using an amount of GR and based on 
the concentration of FeII. For GRBIS-1 and GRBIS-2 the amount of GR used in the kinetics 
experiments were 0.9 g and 0.006 g, respectively. GRBIS-1 reduced about 56% of the CT 
over the course of 12 hours (Figure 4) with a rate constant (kobs) of 0.924 x 10-1 h-1, while 
GRBIS-2 only reduced 20% of CT (Figure 5) with kobs of 0.358 x 10-1 h-1. GRBIS-3 was 
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conducted with a FeII concentration of 14 mM and was able to reduce 89% of CT over 
the course of 24 hours, with a rate constant of 1.65 x 10-1 h-1 (Figure 6). 
 
Figure 4: Time course of reductive dechlorination of carbon tetrachloride at the initial 
concentration of 863 µM by GRBIS-1. Values are means and error bars  
represent the standard error of triplicate experiments. 
 
 
Figure 5: Time course of reductive dechlorination of carbon tetrachloride at the initial 
concentration of 28 µM by GRBIS-2. Values are means and error bars  
represent the standard error of triplicate experiments. 
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Figure 6: Time course of reductive dechlorination of carbon tetrachloride at the initial 
concentration of 400 µM by GRBIS-3 and control of initial carbon tetrachloride without 
GRBIS-3. Values are means and error bars represent the standard error of triplicate 
experiments. 
 
The kinetics of GRSNLS was conducted using the weighted amount of GR, specific 
volumes of resuspended GR and concentrations of FeII. GRSNLS-1 had an initial FeII 
concentration 4.48 mM and high CT concentration of 850 µM reducing 49.0% of CT at a 
reaction rate of 0.68 x 10-1 h-1 (Figure 7). GRSNLS-2 was conducted by directly adding  
10-15 mL of resuspended GR into the glass serum bottle and by measuring out a specific 
mass of GR. The range of CT reduction was found to be between 48-55% showing 
relative little difference between using the resuspension or solid GR (Figure 8). GRSNLS-3 
had a 1:1 ratio of FeII/FeIII, which is slightly off from the 1:2 ratio that is normally found 
in inorganic GRs (Erbs, 1999). However, with an initial concentration of 15.48 mM FeII, 
73.9% of CT was able to degrade at a rate constant of 0.666 x 10-1 h-1 (Figure 9).  
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GRSNLS-4 had a 5:1 FeII/FeIII ratio which each sample having the same initial FeII and CT 
concentration but showing varying reaction rates between them over the 10 h reaction 
period (Figure 10). GRSNLS-5 showed the best results among all the GRSNLS and GRBIS 
samples. With a 1:1 FeII/FeIII ratio, initial FeII concentration of 18.09 mM and starting 
1080 µM CT. 97.6% of CT was degraded over the reaction time and had the fastest 
reaction kinetics of reduction of CT of 3.27 x 10-1 h-1. (Figure 11) 
 
 
Figure 7: Time course of reductive dechlorination of carbon tetrachloride at the initial 
concentration of 850 µM by GRSNLS-1. Values are means and error bars represent the 
standard error of triplicate experiments.  
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Figure 8: Time course of reductive dechlorination of carbon tetrachloride at the initial 
concentration of 497 µM by GRSNLS-2.  
 
 
Figure 9: Time course of reductive dechlorination of carbon tetrachloride at the initial 
concentration of 50 µM and 15.48mM [FeII] by GRSNLS-3 and control of initial carbon 
tetrachloride without GRSNLS-3. Values are means and error bars represent the standard 
error of triplicate experiments 
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Figure 10: Time course of reductive dechlorination of carbon tetrachloride at the initial 
concentration of 270 µM and 1.93 mM [FeII] by GRSNLS-4. 
 
 
Figure 11: Time course of reductive dechlorination of carbon tetrachloride at the initial 
concentration of 497 µM and 18.1 mM [FeII] by GRSNLS-5.  
 
Inorganic green rusts generally have a poor reducing rate of CT because of their 
inability to penetrate the interlayers of GR because of their hydrophilicity. The 
hydrophobic green rusts that were created not only had the ability to reduce CT but also 
matched the observed rate constants of previously studied green rusts. All rate constants 
from GRBIS and GRSNLS experiments were greater than the range of previously studied 
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inorganic GR such as GRSO4, 1.8 x 10-2 – 7.9 x 10-2 h-1 (Erbs, 1999) but also in contention 
with organic GRC12, a hydrophobic form of GR, 6.5 x 10-2 – 0.47 h-1 (Ayala-Luis, 2012).  
Complete removal of CT was not observed in any experiments in the 24 hours 
reaction time regardless of initial CT and FeII concentrations. The greatest percentage of 
CT degradation was by GRSNLS-5 at 97.6% when the FeII concentration was 18.09 mM 
and initial CT was 1080 µM. Increasing the amount of GR, increased the amount of CT 
reduced, which is to be expected allowing for more surface area of reactive sites for CT 
to be reduced. Although, incomplete reduction of CT could have resulted from the 
consumption of the finite reduction capacity of the GR.  For GRSNLS-3, with a 1:1 
FeII/FeIII, the increase in initial FeII, even with increasing CT still reduces a greater 
amount of CT and at a greater rate constant. While small increases in resuspended GR 
gave insignificant increases in reaction rate or reduction.  
3.1.4. Ion Chromatography 
Complete degradation of CT would lead to the presents of chloride, around four 
times the concentration of the initial CT given its structure. After more than a 48-hr 
period, nearly all of the CT present after the kinetics experiments was no longer present 
in any of the samples for GRSNLS-4 and GRSNLS-5, including the controls. For GRSNLS-4, 
between 34-64% of the possible amount of chloride was found (Table 2) and for GRSNLS-5 
only 7-38% (Table 3).  
Table 2: Amount of Chloride (µM) found via Ion Chromatography, Post-kinetics 
experiment from GRSNLS-4 
Sample Initial CT 
(µM) 
Final CT 
(µM) 
Maximum 
Cl- (µM) 
Measured 
Cl- (µM) 
A 260 0.196 1040 N/A 
B 260 0.196 1040 670 
C 260 0.190 1040 395 
D 260 0.255 0 60 
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Table 3: Amount of Chloride (µM) found via Ion Chromatography, Post-kinetics 
experiment from GRSNLS-5 
Sample Initial CT 
(µM) 
Final CT 
(µM) 
Maximum 
Cl- (µM) 
Measured 
Cl- (µM) 
A 1080 N/A 4320 320 
B 1380 0.195 5520 1,790 
C 500 0.172 2000 755 
D 500 0.248 0 175 
 
Since there was little to no CT present in the controls post-kinetics experiment, which 
contained only CT and water, one could assume that CT was lost by volatilization over 
time for the controls as well as the other samples. However, it is not possible to conclude, 
based on the unaccounted CT, how much was lost by volatilization and how much 
degraded to other degradation products such as chloroform, dichloromethane or methyl 
chloride and never were fully able to degrade to chloride.  
 
4. Conclusion  
There are several ways the synthesis method for modified green rust could be 
improved. First, the pH meter needs to be more secure in the rubber septum. This could 
decrease the amount of oxygen inlet before the pump is activated and therefore keeps the 
possibility of oxidizing the FeII during the addition of the iron sulfate to a minimum. 
Although the GRs were not intercalated with either organic compound, they were still 
hydrophobic, which allowed for accessibility to the internal reactive FeII sites in GR and 
increase the rate of redox reactions of GR.  
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5. Further Research 
 In this investigation, GRBIS and GRSNLS were able to degrade high concentration 
of CT but the degraded products need to be determined. In previous studies, chloride, 
formic acid and carbon monoxide were found to be the main products with a small 
amount of chloroform. Mass balance experiments to classify the mechanism of CT 
dechlorination of GRBIS and GRSNLS and the influence exerted by the initial loading of 
CT. Using various initial concentration of CT, the main reduced product can be used to 
determine the prevalent pathway in the reduction of CT by GRBIS and GRSNLS. Also, 
determining why neither organic compound was able to intercalate within the interlayer 
of the green rusts could potentially be another area of focus. Determining the size of the 
green rust particle should also be attempted. If their size was smaller than previous 
studies, that could have contributed to the ability to degrade CT. 
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7. Appendix 
7.1 List of Tables  
Table 4: The pH, temperature and the amount of NaOH added during the synthesis of 
GRBIS-1 ([BIS]o = 25 mM and 40% (v/v) EtOH/H2O) at a pump rate of 4 mL/min. 
Time 
(min) 
NaOH  
(added drops)   
NaOH added 
(mL) pH 
Temp 
(oC) 
0 0 0 0 7.99 24.7 
5 18 0.288 0.28 7.99 24.8 
10 15 0.24 0.52 7.99 24.8 
15 10 0.16 0.68 7.99 24.8 
20 5 0.08 0.76 7.99 24.8 
25 10 0.16 0.92 7.99 24.8 
30 5 0.08 1.00 7.99 24.8 
35 5 0.08 1.08 7.99 24.8 
40 10 0.16 1.24 8 24.8 
45 5 0.08 1.32 8 24.8 
50 5 0.08 1.40 8 24.8 
55 10 0.16 1.56 8.01 24.9 
60 5 0.08 1.64 8.08 24.9 
65 0 0 1.64 8.03 24.9 
70 0 0 1.64 8.01 24.9 
75 5 0.08 1.72 8 24.9 
80 5 0.08 1.80 8 24.9 
85 5 0.08 1.88 8 24.9 
90 10 0.16 2.04 8.02 24.9 
95 5 0.08 2.12 8.02 24.9 
100 5 0.08 2.20 8.02 24.9 
105 5 0.08 2.28 8.02 24.9 
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110 5 0.08 2.36 8.02 24.9 
115 5 0.08 2.44 8.04 24.9 
120 5 0.08 2.52 8.02 24.8 
125 5 0.08 2.60 8.03 24.8 
130 5 0.08 2.68 8.03 24.8 
135 5 0.08 2.76 8.03 24.8 
140 10 0.16 2.92 8.07 24.8 
145 5 0.08 3.00 8.06 24.8 
150 10 0.16 3.16 8.09 24.8 
155 5 0.08 3.24 8.08 24.8 
160 5 0.08 3.32 8.09 24.8 
165 5 0.08 3.40 8.09 24.8 
170 5 0.08 3.48 8.1 24.8 
175 0 0 3.48 8.07 24.8 
180 0 0 3.48 8.06 24.7 
185 10 0.16 3.64 8.1 24.7 
190 3 0.048 3.69 8.08 24.7 
195 5 0.08 3.77 8.1 24.7 
200 5 0.08 3.85 8.1 24.7 
205 5 0.08 3.93 8.09 24.7 
210 10 0.16 4.09 8.07 24.7 
215 5 0.08 4.17 8.06 24.7 
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Table 5: XRD parameter of the final GRBIS-1 precipitates. I = Relative Intensity,  
FWHM = Full width at half maximum. 00-013-0092 is the standard X-ray diffraction 
powder pattern file for Green Rust II. 
No. Pos. [°2Th.] 
d-spacing 
[Å] I [%] 
FWHM 
[°2Th.] Matched by 
1 8.04 10.99 100 0.307 00-013-0092 
2 16.10 5.50 22.89 0.188 00-013-0092 
3 21.10 4.20 3.16 0.566   
4 24.27 3.66 9.51 0.283 00-013-0092 
5 26.84 3.32 7.43 0.661   
6 36.43 2.46 6.7 0.236 00-013-0092 
7 40.94 2.20 3.47 0.330 00-013-0092 
8 46.66 1.94 5.6 0.330 00-013-0092 
9 53.35 1.71 3.6 0.330 00-013-0092 
10 58.73 1.57 2.21 0.566 00-013-0092 
11 60.63 1.52 3.22 0.576 00-013-0092 
 
 
Table 6: Standard concentrations of carbon tetrachloride using for GRBIS-1 
Concentration (µM) Area  
5.2 338.23 
10.4 479.93 
20.8 849.77 
31.2 1049.46 
41.6 1118.26 
52 1335.8 
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Table 7: Extractions of reaction suspension of carbon tetrachloride  
with GRBIS -1over the course of 12 hours. [CT]o = 980 µM 
Vial  Time (h) CT Area Concentration (µM) 
A1 0.75 981.34 911.28 
B1 0.75 941.76 851.50 
C1 0.75 949.38 862.88 
A2 2 833.92 696.84 
B2 2 755.10 591.64 
C2 2 761.22 599.56 
A3 4 674.29 490.95 
B3 4 593.92 398.28 
C3 4 652.15 464.66 
A4 6 575.58 378.21 
B4 6 648.49 460.36 
C4 6 561.13 362.69 
A5 8 542.08 342.62 
B5 8 576.33 379.02 
C5 8 608.06 414.03 
A6 10 575.31 377.91 
B6 10 553.43 354.52 
C6 10 511.14 310.98 
A7 12 593.92 398.28 
B7 12 571.53 373.83 
C7 12 580.36 383.40 
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Table 8: The pH, temperature and the amount of NaOH added during the synthesis of 
GRBIS-2 ([BIS]o = 25 mM and 40% (v/v) EtOH/H2O) at a pump rate of 4 mL/min. 
Time 
(min) 
NaOH  
(added drops)   
NaOH added 
(mL) pH 
Temp 
(oC) 
0 0 0 0 7.99 23.6 
5 0 0 0 7.96 23.6 
10 10 0.18 0.18 7.98 23.6 
15 5 0.09 0.27 7.98 23.6 
20 10 0.18 0.45 8 23.6 
25 10 0.18 0.63 8.01 23.7 
30 10 0.18 0.81 8.04 23.7 
35 6 0.108 0.91 8.05 23.7 
40 5 0.09 1.00 8.04 23.7 
45 5 0.09 1.09 8.07 23.7 
50 5 0.09 1.18 8.05 23.7 
55 10 0.18 1.36 8.05 23.7 
60 5 0.09 1.45 8.06 23.7 
65 5 0.09 1.54 8.06 23.7 
70 5 0.09 1.63 8.08 23.7 
75 5 0.09 1.72 8.09 23.7 
80 5 0.09 1.81 8.1 23.7 
85 7 0.126 1.94 8.1 23.7 
90 3 0.054 1.99 8.09 23.7 
95 3 0.054 2.05 8.12 23.7 
100 0 0 2.05 8.1 23.7 
105 0 0 2.05 8.07 23.7 
110 5 0.09 2.14 8.08 23.7 
115 5 0.09 2.23 8.12 23.7 
 35 
120 2 0.036 2.26 8.09 23.6 
125 0 0 2.26 8.04 23.6 
130 0 0 2.26 8.02 23.6 
135 0 0 2.26 8 23.6 
140 5 0.09 2.35 8.05 23.6 
145 3 0.054 2.41 8.02 23.6 
150 5 0.09 2.50 8.01 23.6 
155 5 0.09 2.59 8.01 23.6 
160 6 0.108 2.7 8.01 23.6 
165 10 0.18 2.88 8.04 23.6 
170 5 0.09 2.97 8.01 23.6 
175 5 0.09 3.06 8.06 23.6 
180 5 0.09 3.15 8.06 23.6 
185 2 0.036 3.18 8.01 23.6 
190 5 0.09 3.27 8.04 23.6 
195 5 0.09 3.36 8.02 23.6 
200 4 0.072 3.43 8.05 23.6 
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Table 9: XRD parameter of the final GRBIS-2 precipitates. I = Relative Intensity,  
FWHM = Full width at half maximum. 00-013-0092 is the standard X-ray diffraction 
powder pattern file for Green Rust II. 
No. 
Pos. 
[°2Th.] 
d-spacing 
[Å] 
Rel. Int. 
[%] 
FWHM 
[°2Th.] Matched by 
1 8.01 11.03 100 0.259 00-013-0092 
2 16.10 5.50 19.18 0.236 00-013-0092 
3 24.30 3.66 6.92 0.566 00-013-0092 
4 32.32 2.76 6.37 0.472 00-013-0092 
5 36.44 2.46 6.92 0.850 00-013-0092 
6 46.89 1.93 5.71 0.377 00-013-0092 
7 57.70 1.59 3.9 0.755 00-013-0092 
8 60.24 1.53 4.12 0.691 00-013-0092 
 
 
 
Table 10: Concentration of carbon tetrachloride standards for GRBIS-2 
Concentration (µM) CT Area  
20.8 1548.12 
10.4 884.67 
5.2 600.08 
1.98 242.68 
0.895 130.04 
0.6958 107.55 
0.2982 70.52 
0.0994 42.13 
0.0596 30.07 
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Table 11: Extractions of reaction suspension of carbon tetrachloride  
with GRBIS-2 over the course of 12 hours. [CT]o = 28 µM 
Vial  Time (h) CT Area 
Concentration 
(µM) 
A1 0.5 142.73 22.6 
A2 2 135.44 20.9 
A3 4 134.38 20.7 
A4 6 132.70 20.3 
A5 8.5 124.69 18.5 
A6 10 122.07 18.01 
 
 
Table 12: The pH, temperature and the amount of NaOH added during the synthesis of 
GRBIS-3 ([BIS]o = 25 mM and 40% (v/v) EtOH/H2O) at a pump rate of 4 mL/min. 
Time 
(min) 
NaOH  
(added drops)   
NaOH added 
(mL) pH 
Temp 
(oC) 
0 167 3.006 3 7.93 19.0 
5 5 0.09 3.096 8.04 19.1 
10 0 0 3.096 8.06 19.0 
15 0 0 3.096 8.08 19.0 
20 0 0 3.096 8.10 19.0 
25 0 0 3.096 8.11 18.9 
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Table 13: XRD parameter of the final GRBIS-3 precipitates. I = Relative Intensity,  
FWHM = Full width at half maximum. 00-013-0092 is the standard X-ray diffraction 
powder pattern file for Green Rust II. 
No. 
Pos. 
[°2Th.] 
d-spacing 
[Å] 
Rel. Int. 
[%] 
FWHM 
[°2Th.] Matched by 
1 8.03 11.01 100 0.425 00-013-0092 
2 16.06 5.51 18.48 0.330 00-013-0092 
3 21.09 4.21 1.59 0.661   
4 24.17 3.68 7.7 0.212 00-013-0092 
5 26.83 3.32 1.94 0.472   
6 29.92 2.98 1.42 0.377   
7 33.31 2.68 1.53 0.661 00-013-0092 
8 35.26 2.54 4.08 0.283   
9 36.26 2.47 2.75 0.377 00-013-0092 
10 40.86 2.20 1.68 0.566 00-013-0092 
11 42.92 2.10 1.58 0.377   
12 46.57 1.95 2.33 0.236 00-013-0092 
13 49.66 1.83 0.69 0.566   
14 53.20 1.72 1.53 0.566 00-013-0092 
15 56.78 1.62 0.69 0.330   
16 58.53 1.57 0.55 0.576 00-013-0092 
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Table 14: Standard Iron Concentrations and absorbance values from spectrophotometer 
for GRBIS-3 
Standard Concentration (mg/L) Absorbance 
0.07 0.0089 
0.15 0.0246 
0.35 0.0631 
0.7 0.124 
1.75 0.296 
 
 
 
Table 15: Standard carbon tetrachloride concentrations for GRBIS-3 
Concentration (µM) CT Area  
20.8 2185.9 
10.4 1157.2 
5.2 702.7 
1.98 300.8 
0.895 194.2 
0.6958 179.3 
0.2982 115.3 
0.0994 29.4 
0.0596 17.6 
 
 
 
 
 
 
 
 
 
 
 
 
 40 
Table 16: Extractions (A) of reaction suspension of carbon tetrachloride with GRBIS-3 and 
Control (C) over the course of 12 hours. [CT]o = 578uM 
Vial  Time (h) CT Area 
Concentration 
(µM) 
A1 0.5 1490.78 384.69 
A2 2.13 932.29 211.39 
A3 4.43 738.16 156.94 
A4 6.53 603.91 121.49 
A5 8.13 585.13 116.69 
A6 10 272.73 44.07 
C1 0.5 1908.16 527.04 
C2 2.13 1781.88 482.97 
C3 4.43 1747.08 470.97 
C4 6.53 1741.64 469.10 
C5 8.13 1732.10 465.82 
C6 10 1630.45 431.24 
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Table 17: The pH, temperature and the amount of NaOH added during the synthesis of 
GRSNLS-1 ([SNLS]o = 25mM and 40%(v/v) EtOH/H2O) at a pump rate of 4 mL/min. 
Time (min) 
NaOH added 
(mL) pH Temp (oC) 
0 0 8.02 25.2 
5 0.18 8.01 25.3 
10 0.27 8.01 25.3 
15 0.36 8.02 25.3 
20 0.45 8.03 25.3 
25 0.54 8.04 25.4 
30 0.63 8.04 25.4 
35 0.63 8.04 25.4 
40 0.72 8.05 25.3 
45 0.72 8.04 25.3 
50 0.81 8.06 25.3 
55 0.81 8.05 25.3 
60 0.81 8.04 25.3 
65 0.81 8.04 25.3 
70 0.81 8.04 25.3 
75 0.9 8.05 25.3 
80 0.99 8.06 25.3 
85 0.99 8.05 25.3 
90 1.08 8.07 25.3 
95 1.08 8.07 25.3 
100 1.17 8.08 25.2 
105 1.17 8.07 25.1 
110 1.17 8.06 25.1 
115 1.17 8.06 25.1 
 42 
120 1.17 8.11 25.1 
 
 
Table 18: XRD parameter of the final GRSNLS-1 precipitates. I = Relative Intensity,  
FWHM = Full width at half maximum. 00-013-0092 is the PDF-4 file for Green Rust II. 
No. 
Pos. 
[°2Th.] 
d-spacing 
[Å] 
Rel. Int. 
[%] 
FWHM 
[°2Th.] Matched by 
1 7.94 11.12 54.1 0.0945 00-013-0092 
2 8.12 10.87 61.18 0.0236 00-013-0092 
3 8.29 10.66 100 0.0531   
4 12.48 7.09 17.26 0.0472   
5 14.02 6.31 5.28 0.944   
6 16.11 5.50 18.28 0.259 00-013-0092 
7 20.92 4.24 1.61 0.377   
8 24.20 3.67 4.02 0.377 00-013-0092 
9 25.09 3.54 4.85 0.118   
10 26.89 3.31 5.46 0.566   
11 29.43 3.03 4.33 0.141   
12 32.39 2.76 2.54 0.188 00-013-0092 
13 33.45 2.67 2.63 0.141 00-013-0092 
14 35.78 2.50 4.01 0.188   
15 36.39 2.46 5.91 0.188 00-013-0092 
16 38.12 2.36 2.56 0.165   
17 40.90 2.20 1.81 0.330 00-013-0092 
18 46.73 1.94 4.63 0.330 00-013-0092 
19 53.23 1.72 1.95 0.377 00-013-0092 
20 57.85 1.59 1.71 0.236 00-013-0092 
21 58.53 1.57 1.8 0.330 00-013-0092 
22 60.59 1.52 2.23 0.661 00-013-0092 
 43 
23 63.77 1.45 0.75 0.691   
 
 
 
Table 19: Standard concentrations of carbon tetrachloride for GRSNLS-1 
CT Concentration CT Area 
5.2 348.8 
10.4 517.7 
20.8 935.9 
31.2 1125.0 
41.6 1236.3 
52 1449.8 
 
 
Table 20: Extractions of reaction suspension of carbon tetrachloride with GRSNLS-1 over 
the course of 12 hours. [CT]o = 850 µM 
Sample CT Area CT Concentration (µM) 
A1 1057.86 796.99 
A2 1028.55 749.63 
A3 1001.81 708.90 
A4 953.72 641.11 
A5 894.87 566.92 
A6 801.04 465.97 
A7 745.95 415.29 
B1 1098.83 868.24 
B2 942.70 626.52 
B3 993.64 696.89 
B4 954.96 642.78 
B5 888.09 558.95 
B6 877.71 546.94 
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B7 775.10 441.38 
C1 1103.72 877.16 
C2 1030.33 752.43 
C3 1023.28 741.42 
C4 915.32 591.68 
C5 947.36 632.65 
C6 877.71 546.94 
C7 775.03 441.32 
D1 922.95 601.18 
D2 918.33 595.41 
D3 904.12 577.98 
D4 894.87 566.92 
D5 817.20 481.98 
D6 808.57 473.36 
D7 805.03 469.87 
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Table 21: The pH, temperature and the amount of NaOH added during the synthesis of 
GRSNLS-2 ([SNLS]o = 25 mM and 40% (v/v) EtOH/H2O) at a pump rate of 4 mL/min. 
Time (min) 
NaOH (added 
drops)   
NaOH added 
(mL) pH 
Temp 
(oC) 
0 0 0 0 8 25 
5 2 0.036 0.036 8 25.1 
10 4 0.072 0.108 8 25.1 
15 5 0.09 0.198 8 25.1 
20 2 0.036 0.234 8 25.1 
25 6 0.108 0.342 8 25.1 
30 6 0.108 0.45 8.01 25.1 
35 4 0.072 0.522 8 25.1 
40 5 0.09 0.612 8 25.1 
45 2 0.036 0.648 8 25.1 
50 0 0 0.648 7.97 25.1 
55 9 0.162 0.81 7.99 25.1 
60 6 0.108 0.918 8 25.2 
65 5 0.09 1.008 8 25.2 
70 4 0.072 1.08 8 25.2 
75 4 0.072 1.152 8 25.2 
80 4 0.072 1.224 8 25.3 
85 6 0.108 1.332 8 25.3 
90 5 0.09 1.422 8 25.3 
95 4 0.072 1.494 7.99 25.3 
100 9 0.162 1.656 8.01 25.3 
105 6 0.108 1.764 8.01 25.3 
110 6 0.108 1.872 8 25.3 
115 6 0.108 1.98 8 25.3 
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120 9 0.162 2.142 8.02 25.3 
125 6 0.108 2.25 8.02 25.3 
130 8 0.144 2.394 8.02 25.3 
 
 
Table 22: XRD parameter of the final GRSNLS-2 precipitates. I = Relative Intensity,  
FWHM = Full width at half maximum. 00-013-0092 is the PDF-4 file for Green Rust II. 
No. 
Pos. 
[°2Th.] 
d-spacing 
[Å] 
Rel. Int. 
[%] 
FWHM 
[°2Th.] Matched by 
1 7.94 11.17 82.81 0.0827 00-013-0092 
2 7.91 11.06 100 0.0827 00-013-0092 
3 9.14 9.67 4.97 0.188   
4 12.16 7.27 6.89 0.566   
5 16.03 5.52 38.56 0.0827 00-013-0092 
6 18.55 4.78 2.98 0.141   
7 24.25 3.66 16.42 0.283 00-013-0092 
8 29.15 3.06 1.34 0.566   
9 32.44 2.75 4.23 0.118 00-013-0092 
10 33.44 2.67 4.37 0.094 00-013-0092 
11 36.44 2.46 5.32 0.188 00-013-0092 
12 40.96 2.20 4.19 0.283 00-013-0092 
13 46.67 1.94 3.77 0.236 00-013-0092 
14 49.80 1.83 1.09 0.377   
15 53.34 1.71 1.46 0.330 00-013-0092 
16 57.90 1.59 0.53 0.115 00-013-0092 
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Table 23: Standard concentrations of carbon tetrachloride for GRSNLS-2 
CT Concentration 
(µM) CT Area 
20.8 1758.23 
10.4 978.26 
5.2 699.61 
1.98 292.00 
0.895 158.18 
0.695 140.84 
0.2982 77.48 
 
 
Table 24: Extractions of reaction suspension of carbon tetrachloride  
with GRSNLS-2 over the course of 12 hours using different amounts of GR and  
[CT]o = 980 µM GRSNLS-2  = 10 mL of resuspended GR; GRSNLS-2 = 15 mL of 
resuspended GR; GRSNLS-2 = 0.8473 g, Sample D = Control (CT/water) 
Sample Time (h) CT Area   
Concentration 
(µM) 
A1 0.500 1375.67 15.17 453.5 
A2 2.000 1331.66 14.46 434.0 
A3 6.000 1234.89 13.07 392.1 
A4 8.000 1180.58 12.30 369.0 
A5 9.000 1083.45 10.95 328.7 
A6 22.000 879.15 8.27 248.1 
A7 24.000 844.75 7.83 235.1 
B1 0.500 1397.49 15.44 463.2 
B2 2.000 1314.22 14.21 426.4 
B3 6.000 1252.03 13.31 399.4 
B4 8.000 1146.87 11.83 354.9 
B5 9.000 1135.24 11.67 350.1 
B6 22.000 893.74 8.45 253.6 
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B7 24.000 833.87 7.70 231.0 
C1 0.500 1369.59 15.02 450.8 
C2 2.000 1290.04 13.86 415.8 
C3 6.000 1141.04 11.75 352.5 
C4 8.000 1045.32 10.44 313.2 
C5 9.000 1021.84 10.12 303.8 
C6 22.000 790.60 7.16 215.0 
C7 24.000 751.11 6.69 200.6 
D1 0.500 1381.28 15.20 456.0 
D2 2.000 1374.52 15.10 453.0 
D3 6.000 1274.93 13.64 409.3 
D4 8.000 1239.23 13.13 393.9 
D5 9.000 1220.09 12.86 385.8 
D6 22.000 1146.24 11.82 354.6 
D7 24.000 1135.35 11.67 350.1 
 
 
Table 25: The pH, temperature and the amount of NaOH added during the synthesis of 
GRSNLS-3 ([SNLS]o = 25 mM and 40% (v/v) EtOH/H2O) at a pump rate of 4 mL/min. 
Time 
(min) 
NaOH (added 
drops)   
NaOH added 
(mL) pH 
Temp 
(oC) 
0 0 0 0 8.01 25 
5 5 0.09 0.09 8.01 25 
10 8 0.144 0.234 8.02 25 
15 3 0.054 0.288 8.02 25 
20 2 0.036 0.324 8.02 25 
25 2 0.036 0.36 8.03 25 
30 2 0.036 0.396 8.02 25 
35 1 0.018 0.414 8.02 25 
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40 2 0.036 0.45 8.04 25 
45 0 0 0.45 8.04 25 
50 0 0 0.45 8.03 25 
55 4 0.072 0.522 8.04 25 
60 4 0.072 0.594 8.04 25 
65 4 0.072 0.666 8.05 25 
70 5 0.09 0.756 8.04 25 
75 6 0.108 0.864 8.04 25 
80 8 0.144 1.00 8.04 25 
85 4 0.072 1.08 8.04 25 
90 8 0.144 1.22 8.08 25 
95 6 0.108 1.33 8.04 25 
100 7 0.126 1.45 8.03 25 
105 7 0.126 1.58 8.05 25 
110 8 0.144 1.72 8.08 25 
115 8 0.144 1.87 8.03 25 
120 10 0.18 2.05 8.03 25 
125 11 0.198 2.25 8.05 25 
130 9 0.162 2.41 8.2 25 
135 10 0.18 2.59 8.02 25 
140 10 0.18 2.77 8.03 25 
145 3 0.054 2.82 8.03 25 
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Table 26: XRD parameter of the final GRSNLS-3 precipitates. I = Relative Intensity,  
FWHM = Full width at half maximum. 00-013-0092 is the PDF-4 file for Green Rust II. 
No. 
Pos. 
[°2Th.] 
d-spacing 
[Å] 
Rel. Int. 
[%] 
FWHM 
[°2Th.] Matched by 
1 8.01 11.03 100 0.165 00-013-0092 
2 8.33 10.60 82 0.0295   
3 12.50 7.07 11.71 0.0827   
4 14.10 6.28 9.5 0.212   
5 16.06 5.51 28.06 0.106 00-013-0092 
6 17.14 5.17 5.1 0.059   
7 19.86 4.46 4.06 0.0827   
8 20.29 4.37 1.97 0.0945   
9 21.10 4.20 2.83 0.0945   
10 22.90 3.88 3.49 0.0708   
11 23.38 3.80 2.49 0.118   
12 24.26 3.66 7.58 0.188 00-013-0092 
13 25.19 3.53 7.22 0.106   
14 25.62 3.47 4.58 0.082   
15 26.99 3.30 3.15 0.472   
16 29.07 3.07 4.15 0.118   
17 29.49 3.02 6.67 0.094   
18 31.05 2.88 1.86 0.141   
19 31.35 2.85 2.27 0.141   
20 31.72 2.82 2.23 0.118   
21 32.44 2.75 1.64 0.118 00-013-0092 
22 33.46 2.67 1.69 0.165 00-013-0092 
23 34.81 2.57 2.18 0.141   
24 35.82 2.50 1.63 0.141   
 51 
25 36.46 2.46 2.84 0.330 00-013-0092 
26 36.95 2.43 1.86 0.141   
27 38.20 2.35 3.23 0.165   
28 38.74 2.32 1.56 0.070   
29 40.03 2.25 1.51 0.141   
30 40.94 2.20 1.8 0.188 00-013-0092 
31 42.85 2.11 1.15 0.188   
32 43.51 2.07 1.07 0.283   
33 46.66 1.94 3.16 0.212 00-013-0092 
34 52.74 1.73 0.93 0.188   
35 53.34 1.71 1.51 0.188 00-013-0092 
36 54.77 1.67 0.7 0.188   
37 56.43 1.63 0.6 0.377   
38 57.88 1.59 0.81 0.188 00-013-0092 
39 58.54 1.57 0.82 0.236 00-013-0092 
40 60.62 1.52 1.09 0.472 00-013-0092 
41 64.97 1.43 0.27 0.460   
 
 
Table 27: Standard Iron Concentrations and absorbance values from spectrophotometer 
for GRSNLS-3 
Concentration (mg/L) Absorbance 
0.08 0.00736 
0.15 0.0138 
0.35 0.0740 
0.7 0.1309 
1.05 0.222 
1.5 0.272 
1.75 0.320 
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Table 28: Standard carbon tetrachloride concentrations for GRSNLS-3 
Standard 
Concentration 
(µM) CT Area 
10.4 573.028 
5.2 423.56 
1.98 208.068 
0.895 130.25 
0.695 112.90 
0.2982 81.04 
0.0994 53.37 
0.0596 35.88 
 
 
Table 29: Extractions (A-C) of reaction suspension of carbon tetrachloride with GRSNLS-3 
and Control (D) over the course of 24 hours. [CT]o = 50 µM 
Samples CT Area Concentration(µM) 
A1 255.20 41.3 
B1 180.56 39.4 
C1 160.29 31.4 
D1 141.69 24.8 
A2 146.90 26.6 
B2 137.61 23.5 
C2 140.76 24.5 
D2 123.88 19.3 
A3 126.95 20.2 
B3 137.52 23.5 
C3 136.77 23.2 
D3 129.04 20.8 
A4 108.74 15.1 
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B4 121.68 18.6 
C4 123.40 19.1 
D4 125.090 19.6 
A5 71.700 6.8 
B5 96.52 12.1 
C5 89.22 10.3 
D5 122.38 18.8 
 
 
Table 29: The pH, temperature and the amount of NaOH added during the synthesis of 
GRSNLS-4 ([SNLS]o = 25 mM and 40% (v/v) EtOH/H2O) at a pump rate of 4 mL/min. 
Time (min) NaOH (added drops)   
NaOH added 
(mL) pH 
Temp 
(oC) 
0 0 0 0 8.1 21.6 
5 0 0 0 8.15 21.7 
10 0 0 0 8.11 21.7 
15 10 0.18 0.18 8.09 21.7 
20 12 0.216 0.396 8.09 21.8 
25 10 0.18 0.576 8.08 21.8 
30 7 0.126 0.702 8.11 21.8 
35 2 0.036 0.738 8.1 21.8 
40 23 0.414 1.152 8.06 21.9 
45 23 0.414 1.566 8.01 21.9 
50 18 0.324 1.89 8.08 22 
55 10 0.18 2.07 8.09 22 
60 5 0.09 2.16 8.07 22 
65 3 0.054 2.214 8.1 22 
70 5 0.09 2.304 8.1 22 
75 5 0.09 2.394 8.09 22 
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80 8 0.144 2.538 8.04 22.1 
85 10 0.18 2.718 8.07 22.1 
90 5 0.09 2.808 8.12 22.1 
95 0 0 2.808 8.16 22.1 
100 0 0 2.808 8.12 22.1 
105 0 0 2.808 8.18 22.1 
110 0 0 2.808 8.27 22.1 
 
 
Table 30: XRD parameter of the final GRSNLS-4 precipitates. I = Relative Intensity,  
FWHM = Full width at half maximum. 00-013-0092 is the standard X-ray diffraction 
powder pattern file for Green Rust II. 
No. 
Pos. 
[°2Th.] 
d-spacing 
[Å] 
Rel. Int. 
[%] 
FWHM 
[°2Th.] Matched by 
1 8.27 10.68 100 0.0531   
2 12.45 7.10 21.64 0.1653   
3 14.07 6.29 17.35 0.2834   
4 16.11 5.49 17.85 0.1653 00-013-0092 
5 17.11 5.18 12.93 0.1181   
6 19.85 4.47 6.86 0.0827   
7 20.25 4.38 2.76 0.1417   
8 21.08 4.21 7.94 0.0945   
9 22.86 3.88 7.75 0.059   
10 23.37 3.80 6.08 0.1181   
11 24.46 3.63 6.41 0.1417 00-013-0092 
12 25.13 3.54 9.87 0.059   
13 25.61 3.47 5.57 0.1181   
14 27.01 3.30 5.24 0.1889   
15 29.04 3.07 5.6 0.118   
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16 29.45 3.03 8.7 0.141   
17 31.33 2.85 2.97 0.141   
18 31.68 2.82 3.04 0.141   
19 32.65 2.74 2.04 0.283 00-013-0092 
20 34.77 2.58 3.32 0.094   
21 36.24 2.47 4.71 0.188 00-013-0092 
22 36.92 2.43 2.92 0.188   
23 38.17 2.35 5.16 0.118   
24 38.69 2.32 2.36 0.141   
25 39.98 2.25 2.57 0.188   
26 43.16 2.09 1.57 0.757   
27 44.49 2.03 1.72 0.566   
28 46.74 1.94 4.95 0.236 00-013-0092 
29 49.17 1.85 1.46 0.283   
30 54.75 1.67 1.3 0.283   
31 56.40 1.63 1.35 0.283   
32 58.28 1.58 1.01 0.755   
33 60.58 1.52 1.56 0.806 00-013-0092 
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Table 31: Standard Iron Concentrations and absorbance values from spectrophotometer 
for GRSNLS-4 
Concentration (mg/L) Absorbance 
0.07 0.0104 
0.15 0.032 
0.35 0.0712 
0.7 0.114 
1.05 0.198 
1.5 0.270 
1.75 0.323 
 
Table 32: Standard concentrations of carbon tetrachloride for GRSNLS-4 
Concentration 
(µM) CT Area 
10.4 573.028 
5.2 423.56 
1.98 343.45 
0.895 296.16 
0.2982 221.36 
0.0596 169.42 
 
Table 33: Extractions of reaction suspension of carbon tetrachloride with GRSNLs-4 over 
the course of 12 hours using different amounts of GR and [CT]o = 980 µM, GRSNLs-4  A 
=1.93 mM [FeII]GR, 270 µM; GRSNLs-4  B = 1.93 mM [FeII]GR, 270 µM; GRSNLs-4  C = 1.9 
3 mM [FeII]GR, 270 µM, GRSNLs-4 D = Control (CT/water) 
 
Samples CT Area Concentration(µM) 
A1 499.22 254.3 
B1 481.72 233.8 
C1 517.73 254.5 
D1 544.31 269.7 
A2 470.056 227.1 
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B2 463.74 223.5 
C2 512.13 251.3 
D2 537.84 266.1 
A3 470.43 227.40 
B3 407.50 191.3 
C3 499.47 244.1 
D3 527.74 260.2 
A4 415.18 195.7 
B4 372.50 171.2 
C4 445.95 213.3 
D4 527.17 259.9 
A5 355.22 161.3 
B5 381.69 176.5 
C5 424.58 201.1 
D5 526.81 259.7 
A6 352.67 159.8 
B6 350.45 158.5 
C6 395.75 184.5 
D6 506.92 248.3 
A7 3086.72 1727.9 
B7 2513.18 1399.1 
C7 1738.34 954.5 
D7 3101.16 1736.2 
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Table 34: The pH, temperature and the amount of NaOH added during the synthesis of 
GRSNLS-5 ([SNLS]o = 25 mM and 40% (v/v) EtOH/H2O) at a pump rate of 4 mL/min. 
Time (min) 
NaOH (added 
drops)   
NaOH 
added 
(mL) pH 
Temp 
(oC) 
0 0 0 0 7.99 21.6 
5 10 0.18 0.18 7.99 21.6 
10 5 0.09 0.27 7.99 21.6 
15 0 0 0.27 7.99 21.6 
20 2 0.036 0.306 8 21.6 
25 8 0.144 0.45 8.01 21.7 
30 5 0.09 0.54 8.01 21.7 
35 3 0.054 0.594 8.01 21.7 
40 5 0.09 0.684 8.01 21.7 
45 0 0 0.684 8.01 21.7 
50 5 0.09 0.774 8.02 21.7 
55 5 0.09 0.864 8.03 21.7 
60 0 0 0.864 8.02 21.7 
65 0 0 0.864 8.02 21.7 
70 10 0.18 1.044 8 21.8 
75 10 0.18 1.224 8.01 21.8 
80 10 0.18 1.404 8.04 21.8 
85 5 0.09 1.494 8.04 21.8 
90 5 0.09 1.584 8.03 21.8 
95 10 0.18 1.764 8.02 21.8 
100 10 0.18 1.944 8.04 21.8 
105 10 0.18 2.124 8.05 21.8 
110 10 0.18 2.304 8.02 21.8 
115 10 0.18 2.484 8.03 21.8 
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120 10 0.18 2.664 8.09 21.8 
 
 
Table 35: XRD parameter of the final GRSNLS-4 precipitates. I = Relative Intensity,  
FWHM = Full width at half maximum. 00-013-0092 is the standard X-ray diffraction 
powder pattern file for Green Rust II. 
No. 
Pos. 
[°2Th.] 
d-spacing 
[Å] 
Rel. Int. 
[%] 
FWHM 
[°2Th.] Matched by 
1 7.96 11.10 100 0.177 00-013-0092 
2 8.33 10.60 71.31 0.070   
3 12.48 7.08 19.4 0.118   
4 14.05 6.29 16.19 0.188   
5 16.11 5.50 34.28 0.118 00-013-0092 
6 17.10 5.18 11.92 0.082   
7 19.85 4.47 5.89 0.118   
8 21.09 4.21 7.65 0.070   
9 22.86 3.88 7.77 0.082   
10 23.34 3.81 7.53 0.106   
11 24.47 3.63 5.89 0.094   
12 25.17 3.53 9.89 0.082   
13 25.61 3.47 6.93 0.118   
14 26.96 3.30 6.44 0.377   
15 28.22 3.16 5.46 0.283   
16 29.04 3.07 6.98 0.141   
17 29.46 3.03 10.22 0.082   
18 31.34 2.85 4.56 0.141   
19 32.43 2.76 3.64 0.283 00-013-0092 
20 33.43 2.67 3.77 0.188 00-013-0092 
21 34.79 2.57 3.5 0.141   
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22 36.34 2.47 5.78 0.330 00-013-0092 
23 36.93 2.43 3.57 0.188   
24 38.19 2.35 4.43 0.188   
25 40.01 2.25 2.65 0.188   
26 40.93 2.20 2.82 0.283 00-013-0092 
27 46.66 1.94 4.47 0.212 00-013-0092 
28 49.20 1.85 1.13 0.283   
29 53.30 1.71 1.98 0.236 00-013-0092 
30 54.77 1.67 0.99 0.566   
31 57.82 1.59 1.5 0.188 00-013-0092 
32 58.70 1.57 1.13 0.921 00-013-0092 
33 60.50 1.53 2 0.345   
 
Table 36: Standard Iron Concentrations and absorbance values from spectrophotometer 
for GRSNLS-5 
Concentration 
(mg/L) Absorbance 
0.07 0.0104 
0.15 0.0321 
0.35 0.0712 
0.7 0.114 
1.05 0.198 
1.4 0.270 
1.75 0.323 
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Table 37: Standard concentrations of carbon tetrachloride for GRSNLS-5 
Standard Concentration 
(µM) CT Area 
52 2821.0082 
41 1775.27 
31.2 1654.14 
20.8 1113.23 
10.4 573.02 
5.2 423.56 
1.98 343.45 
0.895 296.16 
0.2982 221.36 
0.0596 169.42 
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Table 38: Extractions of reaction suspension of carbon tetrachloride  
with GRSNLS-5 over the course of 12 hours using different amounts of GR and  
[CT]o = 980 µM GRSNLS-5  A =18.0 mM [FeII]GR, 1080µM; GRSNLS-5  B = 18.0 mM 
[FeII]GR, 1380 µM; GRSNLS-5  C = 18.0 mM [FeII]GR, 500 µM,  
GRSNLS-5  D = Control (CT/water) 
 
Samples CT Area 
Concentration 
(µM) 
A1 1826.58 1069.4 
A2 444.049 169.1 
A3 305.40 78.8 
A4 256.26 46.8 
A5 252.18 44.1 
A6 229.41 29.3 
A7 222.86 25.1 
B1 2280.51 1365.1 
B2 1266.64 704.8 
B3 1145.35 625.8 
B4 1112.95 604.7 
B5 1079.96 583.2 
B6 1016.31 541.8 
B7 905.41 469.5 
C1 953.17 500.6 
C2 731.28 356.1 
C3 592.62 265.8 
C4 596.42 268.3 
C5 569.78 251.00 
C6 558.51 243.6 
C7 514.60 215.1 
D1 953.17 500.6 
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D2 667.73 314.8 
D3 629.11 289.6 
D4 597.90 269.3 
D5 608.09 275.9 
D6 574.86 254.3 
D7 556.60 242.4 
 
Table 39: Standard concentrations of carbon tetrachloride, post-kinetics experiment for 
GRSNLS-4 
Concentration (µM) CT Area 
99.037 2264.79 
52 1510.31 
41.6 1330.34 
31.2 1050.66 
10 691.086 
1.98 229.60 
0.2982 146.95 
0.099 30.02 
0.0795 24.88 
 
Table 40: Post-Kinetics extractions of reaction suspension of carbon tetrachloride 
with GRSNLs-4 over the course of 12 hours using different amounts of GR and [CT]o = 980 
µM Sample A =1.93 mM [FeII]GR, 270 µM; Sample B = 1.93 mM [FeII]GR, 270 µM; 
Sample C = 1.93 mM [FeII]GR, 270 µM, Sample D = Control (CT/water) 
Samples CT Area Concentration(µM) 
A 38.7245 0.196 
B 38.8305 0.196 
C 30.671 0.190 
D 105.248 0.255 
Table 41: Standard concentrations of carbon tetrachloride, post-kinetics experiment for 
GRSNLS-4 and GRSNLS-5. 
Concentration (µM) CT Area 
99.037 2264.79 
52 1510.31 
41.6 1330.34 
31.2 1050.66 
10 691.086 
1.98 229.60 
0.2982 146.95 
0.099 30.02 
0.0795 24.88 
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Table 42: Post-Kinetics extractions of reaction suspension of carbon tetrachloride  
with GRSNLS-5 over the course of 12 hours using different amounts of GR and [CT]o = 980 
µM Sample A =18.0 mM [FeII]GR, 1080 µM; Sample B = 18.0 mM [FeII]GR, 1380 µM; 
Sample C = 18.0 mM [FeII]GR, 500 µM, Sample D = Control (CT/water) 
Samples CT Area Concentration (µM) 
A N/A N/A 
B 37.872 0.195 
C 6.255 0.172 
D 98.0242 0.248 
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7.2 List of Figures 
 
Figure 12: Experimental set up for One-pot synthesis 
 
 
 
Figure 13: Base consumption during synthesis of  
GRBIS-1 ([BIS]o = 25 mM, [FeII]o = 30 mM) at a pump rate of 4 mL/min. 
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Figure 14: Diffractogram of the GRBIS-1 precipitates ([BIS]o = 25 mM, pump 4.0 
mL/min). Lines through peaks are matched to PDF-4: 00-013-0092. 
 
 
Figure 15: Calibration curve for carbon tetrachloride (CT) standards for GRBIS-1 
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Figure 16: Using a least-squares linear regression for the natural logarithm of carbon 
tetrachloride concentrations as a function of time. Only the first three points were used to 
determine the rate constant (k) = 2.0 x 10-1 h-1 for GRBIS-1 
 
 
Figure 17: Base consumption during synthesis of GRBIS-2  
([BIS]o = 25 mM, [FeII]o = 30 mM) at a pump rate of 4 mL/min 
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Figure 18: Diffractogram of the GRBIS-2 precipitates ([BIS]o = 25 mM, pump 4.0 
mL/min). Lines under peaks are matched to PDF-4: 00-013-0092. 
 
 
Figure 19: Calibration curve for carbon tetrachloride standards for GRBIS-2 
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Figure 20: Using a least-squares linear regression for the natural logarithm of carbon 
tetrachloride concentrations as a function of time. Rate constant (k) = 0.22 x 10-1 h-1 for 
GRBIS-2 
 
 
Figure 21: Base consumption during synthesis of GRBIS-3 
([BIS]o = 25 mM, [FeII]o = 30 mM) at a pump rate of 4 mL/min. 
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Figure 22: Diffractogram of the GRBIS-3 precipitates ([BIS]o = 25 mM, pump 4.0 
mL/min). Lines through peaks are matched to PDF-4: 00-013-0092. 
 
 
Figure 23: Iron standard calibration curve for GRBIS-3 
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Figure 24: Calibration curve for standard carbon tetrachloride concentrations for GRBIS-3 
 
 
 
Figure 25: Using a least-squares linear regression for the natural logarithm of carbon 
tetrachloride concentrations as a function of time. Rate constant (k) = 1.651 X 10-1 h-1 for 
GRBIS-3 
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Figure 26: Base consumption during synthesis of GRSNLS-1 ([SNLS]o = 25 mM, [FeII]o = 
30mM) at a pump rate of 4 mL/min 
 
 
 
Figure 27: Diffractogram of the GRSNLS-1 precipitates ([SNLS]o = 25 mM, pump 4.0 
mL/min). Lines through peaks are matched to PDF-4: 00-013-0092. 
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Figure 28: Calibration curve for carbon tetrachloride (CT) Standards for GRSNLS-1 
 
 
 
 
Figure 29: Using at least-squares linear regression for the natural logarithm of carbon 
tetrachloride concentrations as a function of time. Rate constant 0.369 x 10-1 h-1  for 
GRSNLS-1. 
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Figure 30: Base consumption during synthesis of  
GRSNLS-2 ([SNLS]o = 25 mM, [FeII]o = 30 mM) at a pump rate of 4 mL/min. 
 
Figure 31: Diffractogram of the GRSNLS-2 precipitates ([SNLS]o = 25 mM, pump 4.0 
mL/min). Lines under peaks are matched to PDF-4: 00-013-0092. 
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Figure 32: Calibration curve for carbon tetrachloride (CT) standards for GRSNLS-2 
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Figure 33: Using a least-squares linear regression for the natural logarithm of carbon 
tetrachloride concentrations as a function of time. GRSNLS-2. GRSNLS_2 (A) with 10ml GR, 
GRSNLS_2 (B) with 15ml GR , GRSNLS_2 (C) with 0.8473g GR. 
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Figure 34: Base consumption during synthesis of GRSNLS-3 
([SNLS]o = 25 mM, [FeII]o = 30 mM) at a pump rate of 4 mL/min. 
 
 
Figure 35: Diffractogram of the GRSNLS-3 precipitates ([SNLS]o = 25 mM, pump 4.0 
mL/min). Lines under peaks are matched to PDF-4: 00-013-0092. 
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Figure 36: Iron standard calibration curve for GRSNLS-3 
 
 
Figure 37: Calibration curve for standard carbon tetrachloride concentrations for  
GRSNLS-3 
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Figure 38: Using a least-squares linear regression for the natural logarithm of carbon 
tetrachloride concentrations as a function of time. Rate constant (k) = 0.905 X 10-1 h-1 for 
GRSNLS-3 
 
 
Figure 39: Base consumption during synthesis of  
GRSNLS-4 ([SNLS]o = 25 mM, [FeII]o = 30 mM) at a pump rate of 4 mL/min. 
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Figure 40: Diffractogram of the GRSNLS-4 precipitates ([LAS]o = 25 mM, pump 4.0 
mL/min). Lines under peaks are matched to PDF-4: 00-013-0092. 
 
 
Figure 41: Iron standard calibration curve for GRSNLS-4 
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Figure 42: Calibration curve for carbon tetrachloride (CT) standards for GRSNLS-4 
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Figure 43: Using a least-squares linear regression for the natural logarithm of carbon 
tetrachloride concentrations as a function of time for GRSNLS-4. GRSNLS_4 (A), GRSNLS_4 
(B), GRSNLS_4 (C) with 250uM CT and 1.9mM [FeII] 
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Figure 44: Base consumption during synthesis of  
GRSNLS-5 ([SNLS]o = 25 mM, [FeII]o = 30 mM) at a pump rate of 4 mL/min. 
 
 
 
 
Figure 45: Diffractogram of the GRSNLS-5 precipitates ([SNLS]o = 25 mM, pump 4.0 
mL/min). Lines under peaks are matched to PDF-4: 00-013-0092. 
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Figure 46: Iron standard calibration curve for GRSNLS-5 
 
 
Figure 47: Calibration curve for carbon tetrachloride (CT) standards for GRSNLS-5 
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Figure 48: Using a least-squares linear regression for the natural logarithm of carbon 
tetrachloride concentrations as a function of time for GRSNLS-5 with 18.1 mM [FeII]. 
GRSNLS-5 (A) with 1080 uM CT, GRSNLS-5(B) with 1380 uM CT , GRSNLS-5 (C) with 
500uM CT.  
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Figure 49: Calibration curve for carbon tetrachloride (CT) standards, post-kinetics 
experiment of GRSNLS-4 and GRSNLS-5 
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